the testicle is just as necessary for the maintenance of these organs as it is for their growth.
In these experiments on postpuberal castration, the length and width of the comb were measured each week during the period of , / f J / Fro. 1. Head of a normal adult cock (left) and head of a castrated cock (right).
FIG. 2. Successive aspects of the comb of a cock during regression:
(1) at the time of castration; (2) 5 weeks later; (3) 7 weeks later; and (4) at the end of regression.
regression. The length ( Fig. 1) was measured from the anterior extremity (A) to the most distant point of the posterior portion (B); the width from the posterior point of origin (C) to the edge of the highest point of the crest (D). In this way the measurements are always relative to the same segments; the dimensions are given in millimeters. It was difficult to secure greater precision than this, nor would that inform us except on the secondary variations not susceptible of modifying the general appearance of the phenomenon. It should be noted, however, that the dimensions relating to length are relatlvely more precise than those having to do with width, since in the former case we were dealing with a larger figure. A curve has been plotted representing the variation in length of the comb during regression. This curve may also represent the variation in volume, for the three dimensions were found to be reduced proportionately, as shown by careful observation of the organ in process of regression, which visibly retains the same form during the period of its etiolation. This observation may, moreover, be mathematically verified by measuring the linear dimensions and the weight of the comb (the latter being proportionate to the volume) in normal and in castrated males. The following is an example. 
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We encountered a difficulty in determining the time of regression. Regression, at least when it follows postpuberal castration, occurs immediately after the operation (indicated on the figures as Op). On the other hand, the end of the regressive period is somewhat uncertain.
In our experiments we have arbitrarily considered the regression as terminated when the comb undergoes oscillations of no more than a millimeter per week.
NUMERICAL LAW O~ REGRESSION
Results.
In the following paragraphs we shall indicate in each case: (1) information relating to the bird under observation; (2)a graphic chart on which are shown the observed curve and the parabola which most nearly approximates it; the latter departs from the horizontal at the point where regression begins and becomes tangent to the horizontal at the point where regression ends. This parabola may be represented algebraically by the formula
in which L represents the length of the comb at a given time during regression, 1 the length of the comb at the end of regression, C an individual constant, 0 the total period of regression, and t the time corresponding to the unknown ordinate L.
Experiment/.--Cock, Dorking , about 1 year old. Sex characters well developed; combs and barbules scarlet; sexual instincts well developed.
.Castrated Mar. 20, 1912 . Both testicles very large, total weight 42 gm. Regression of the comb began at once and was finished at the end of 12 weeks (Fig. 3 ). There was coincidence between the observed curve and the parabola throughout almost the entire length of the curve: only at Point 6 of the ordinate was there a deviation, regression having been accelerated by a cause unknown to us; after that the acceleration was compensated for, since the phenomenon resumed its normal curve.
Experiment 2.--Cock, Beauceronne, about 6 months old. Secondary sex characters in course of development but not completely developed. Comb brilliant but not yet of its final length. Completely castrated Jan. 18, 1912. Regression began immediately and continued for 7 weeks (Fig. 4 .) There was the best possible coincidence throughout the entire extent of the curve.
The weight curve (shown by the broken line, the scale of weight being found at the right) indicates clearly that the curves are independent of each other and that the phenomenon of regression follows its regular course irrespective of the general nutrition of the bird. Regnault and then Pfltiger later have shown that the body regulates its consumption not according to the substances which are offered it but according to the demands of the cells. Here we see clearly that the needs of the cells are in their turn influenced by the testicles, and that their nutrition is independent of the general metabolism. On May 23 the injections were discontinued, and on May 26 the comb began its regression, which ended in July (Fig. 5) .
Coincidence is particularly remarkable in the present case. Note that the last injection had been given May 23; regression did not actu- Experiment 4.--Cock, FaveroIle, hatched July 1, 1913, began to display the secondary sex characters in Nov., notwithstanding an attempt at castration later recognized as incomplete. Two testicular nodules about the size of a hazelnut were extirpated Feb. 26, 1914; regression began immediately; we shall consider it as ending at 6 weeks (Fig. 6) . Coincidence was not so good as in the other cases, for reasons which we are not in a position to explain at present; it should be added that during the 3 months following (May to July) regression continued but was negligible, being only 3 ram. Experiment 5.--Cock, Bare-neck, hatched July, 1912 . Castrated Nov. 11, 1912 . Received in right peritoneal cavity fragments of ovary from a pullet of the same brood. These fragments did not appear at once to have any influence on the regression of the comb, which was effected at the normal rate. On the other hand, a small tesficular nodule developed after the operation, and from the 7th week the phenomenon was reversed and a new growth of the comb brought about, hence the second branch of the curve. At autopsy this nodule was extirpated: the weight was 1.3 gin. It had the usual testicular structure. Although the two segments of the curve do not appear to correspond, the regression was complete (Fig. 7) .
---
The coincidence between the recorded and the theoretical curves is good in the lower points, and less satisfactory at the time corresponding to Points 2 and 3, when there was an acceleration of regression. The portion of the curve AB corresponds to the regression, the segment BC to the renewed development of the comb under the influence of the nodule of regeneration. We have also plotted the weight curve, as in Experiment 2; there is the same independence as previously concerning the evolution of the comb and the general nutrition.
Comparison of the theoretical and the observed curves shows the coincidence to be as good as possible. Furthermore, if the curve represents the facts as exactly as possible, it must make extrapolation possible; that is, if we know, in a given instance, a portion of the curve sufficient for determining its constants, we must be able to calculate the other points of the curve beyond those derived from our experimental data. The calculation made on the basis of the measurements on Cock 6 (which died before regression was complete) leads us to conclude that such is the case. Experiment &--Cock, Beauceronne, about 6 months old. Secondary sex characters in course of development. Comb and barbules scarlet. Sex insticts present; crowing. Completely castrated Jan. 18, 1912; died Feb. 18 in a state of cachexia (Fig. 8) .
Having made five measurements, we know five points of the curve; three are sufficient for the calculation of l, C, 0. Utilizing these, which correspond to 0, 1, and 4 weeks, we find: l = 56,5 C= 0.5 O = 10.5
The value found for l in this case is the same as that furnished by the subjects of the other experiments; the duration of regression is a little long, but not improbable.
The individual constant C is a measure of the negative acceleration of the regression. In order to determine to what factor it corre- sponds, let us note that the abrupt beginning of the curve indicates that the action of the testicle does not survive castration. Under these conditions, the constant C appears to us to be related exclusively to the properties of the erectile tissue. For this reason we have called it the constant of.regression. On'its value and on that of the total decline depends the duration of regression. It would be interesting to determine the variation with age of the total decline, the constant of regression C, and also the time 0. It is possible that C diminishes with age, while ~ increases. But the number of experiments at our disposal do not permit us to affirm it. At all events, by the same method of reasoning, we may regard as established' from now on the fact that C and 0 are bound to each other by a simple relation. To demonstrate this point, we shall base our reasoning on the figures derived from our experiments on castration followed by transplantation.
Intrapuberal Castration.
The following observations have no bearing on the cocks which had acquired or nearly acquired their secondary sex characters, but upon those birds which were castrated at the time when the development of these characters was beginning (intrapuberal castration). As the diminution in the comb is then slight, one might expect to find a slow regression similar to that which characterized the end of the regression period in the previously observed birds the experiment confirms this hypothesis.
Experiment 7.--Cock, mixed breed, hatched at the Physiological Station in Aug., 1911 . Castrated Jan. 22, 1912 Received testicular transplantations at the time of castration. For 3 weeks the comb regressed; then its development recommenced under the influence of the transplantations. The regression and even the resumption of development have a clearly parabolic curve (Fig. 9) .
We had calculated C, 0, and l starting from the formula obtaining successively
C= 3.25 0= 2.7 l = 53.2
Experiment &--Cock, same conditions of experiment and same succession of observations as in the preceding case (Fig. 9) . The calculations are the same as in Experiment 7, according to the general formula l0 f58 t= t 2 L= t 49
L4 L59
whence C= 4.75 0= 1.9 l = 48.9
In both cases, the regression due to intrapuberal castration began immediately after castration, as in normal subjects. Furthermore, although the mass of tissue before regression was much smaller, the decline began with the same rapidity as in adults: the diminution in length of the comb was 7 mm. (Experiment 7) and 8 mm. (Experiment 8) during the 1st week. That the length attained at the end of regression was much less than in the preceding cases is explained by the fact that the comb of a castrated fowl of the same age has not yet attained its final length. As to the duration of regression, it is much shorter than in the preceding experiments, now that the constant C is much smaller.
SUMMARY.
The discrepancy in the relative variation of C and of 0 led us to examine more closely the velocity of regression at the beginning in all the cases. At a given point of the curve, the velocity is furnished by the differential quotient of the length with reference to the time: 
